The potential of Orange peel ash (OPA) as a cement replacement material was investigated with focus on the effect of OPA content on the physicomechnical properties such as consistency, setting times, soundness, compressive and flexural strengths of OPA-cement blend for cement replacement between 2.5-10% at 2.5% interval. The optimal calcination temperature and time of orange peel (OP) was achieved by calcining the OP at various temperature between (600 °C, 700 °C, 800 °C) and time (1 hr. and 2 hrs.) respectively. The chemical compositions of the various orange peel ashes were determined using X-ray fluorescence equipment and the optimal conditions was obtained at 600 °C and 2 hours. The consistency and setting time tests were conducted with a Vicat apparatus on the binary cement pastes in accordance to ASTM standards. Results indicated an increase in the water required for consistency as the OPA content was increased from 2.5-10 % which was attributed to the unburnt carbon content present in the ash. Similarly, a gradual increase in the cement replacement with OPA resulted in a prolonged setting time which was could be attributed to the diminution of the clinker content and the higher water requirement for normal consistence. The soundness of the OPA cement blend experienced an increase in free lime content as the OPA content rose from 2.5-10 %. Both compressive and flexural strengths were found to decrease as the OPA content was gradually increased whereas an increase in the strengths were observed as the curing days progressed. It was also observed that 5% cement replacement with OPA did not adversely affect the strength in comparison to the OPC control due to the pozzolanic reaction which resulted in the enhanced strengths especially at 28 days.
INTRODUCTION
The development of a nation is not solely dependent on its technological insights but also its infrastructure [27] . Thus, concrete has become an indispensable material in the construction industry. The advent of cement/concrete has given rise to making life comfortable and worthwhile through the construction of flyovers, skyscrapers, bridges, dams, and various buildings ranging from hospitals, factories, etc [33] . Cement is one of the most essential components in the production of concrete which gives it, its strong bonding ability and consisting [2] . The global orange production in 2017 is estimated at 89 million tons [34] while its industrial waste is estimated at 15×106 tons [24] . These industrial by-products comprise of peels, seeds, and pulp membrane residues [22] . The orange peels importance ranging from perfume, cosmetics, antiviral, antifungal and antibacterial properties due to the presence of limonoids [13, 23] , others include biogas and ethanol production [11] . The increase in world population has driven and propelled the need for increased agricultural production globally [32] , thus, generating enormous industrial and agro wastes can result in environmental disposal issues [25] . It is in a bid to solve these environmental waste disposal concerns via the use of the agro-wastes which can be converted for use in cement. Similarly, the high cost and demand for cement have driven researcher to sort for an alternative for cement replacement with agricultural wastes such as orange-peel ash, rice husk ash, corn cob ash, etc. Several research works have been investigated with various successes include rice husk ash [9] , coal bottom ash [19, 30, 15] , fly ash [15, 10] , corn cob ash [31] , eggshell ash [16, 35] , etc. A study on the effect of replacing cement with the ash from the calcination of orange peel on the physicomechanical properties of cement should be investigated.
Wastes are those materials which no longer have a use by industry or institution and considered as by-products of production and consumption processes. The main source of these waste includes municipal, industrial (mining and quarry waste), agricultural (animal and forestry), construction/demolition, etc. [8] . Solid wastes include domestic refuse, commercial and institutional wastes, construction debris, human wastes, ashes from incinerators, sludge, sewage and agricultural waste [21] . Large amounts of orange peels are disposed of in large quantities as waste product annually in many countries [18] including Nigeria. Contamination of water bodies through improper disposal of agro-waste and the huge cost implication in the cement industry have become a growing concern. Owing to the huge demand for cement and high energy/production cost has resulted in the use of orange peel as an alternative fuel for linearization which did not adversely affect the quality of cement according to works by [33] . Disposal of agricultural waste materials such as rice husk, groundnut husk, corn cob, coconut shell, and orange peel can constitute environmental issues, hence the need to convert these wastes to useful materials to minimize their negative effect on the environment [1] .
Pozzolans according to American Standard Testing Methods (ASTM) standard, are defined as siliceous or aluminous materials which possess little or no cementitious properties but will in the presence of moisture react with lime at ordinary temperature to form a compound with pozzolanic properties. Such pozzolanic materials include fly ash, coal bottom ash, calcined diatomaceous earth, rice husk ash, pulverized burnt clay, etc. Various research works have shown that calcined agro-wastes are mainly rich in amorphous silica and could be employed as a partial cement replacement and also established that the amorphous silica present possesses pozzolanic properties which react with lime readily compared to crystalline silica. This reaction has led to improved compressive strength which is an agreement with coal bottom ash cement blend from [19, 30] , rice husk ash [9, 17, 26] and fly ash cement blend [10] .
Orange peel is a global agro/industrial waste residue of the orange-juice and soft-drink industries [28] . Orange peel possesses a cellulosic structure which contains amino-acids. Thus, it is a good bio-sources of essential oil. Orange peel is usually considered as waste can cause allergies when kept in waste for long periods as well as produce undesirable odor which irritates, thus proper disposal is essential. Calcined Orange peel is composed mainly of lime and silica while other minor components include Magnesium, Aluminium, Phosphorous, Sodium, Potassium, and Iron among others. One of the challenges of the availability of orange peel to be employed as a cement replacement is its orange production is seasonal. Studies had indicated that the composition of ash of orange peel is slightly similar to OPC with high silica, lime, and Potassium content. The effect of a number of pozzolans on the physicomechanical properties of cement has been studied such as metakaolin (MK), rice husk ash (RHA), coal bottom ash (CBA), fly ash (FA), limestone (L), sawdust ash (SDA) and Eggshell powder (ESP) etc. [30, 15, 10, 31, 16, 12, 29, 21, 35] with various successes. Researches are geared towards investigating the potential applicability of OPA from the calcination of orange peel as a cement replacement to improve their physical and mechanical properties of cement blend, reduce the cost of cement [30] and as a source of energy [32] .
This research work tries to investigate the potentials of employing calcined orange peel waste as a cement replacement up to 10 % to explore the effects on the physicomechanical properties of cement blended with orange peel ash. This scope of this research work involves the characterization of the starting materials such as OPA and OPC using X-ray Fluorescence technique, determination of the physical and mechanical properties such as consistency, setting times, soundness, the compressive and flexural strength of cement blends according to [4] . It also tries to provide an optimum cement replacement for the orange peel to be employed as a cement replacement without hurting the cement properties which will also contribute immensely to the future advancement in the green cement production thus, eliminating the use of other additives.
MATERIALS AND METHODS
Materials used in this study include ordinary Portland cement CEM I 42.5R obtained by Ashaka cement company Plc, a subsidiary of Lafarge cement and the orange peel which was obtained from various places in Warji, Bauchi state. The orange peels were collected and sorted to ensure that other debris were removed. The sorted orange peels were air-dried in the sun to reduce its moisture content. The dried orange peels were burnt at various temperatures and times to establish the optimal temperature and time for the production of OPA. The OPA underwent size reduction with 75-micron sieve and the chemical composition of the ash was characterized using X-ray fluorescence technique.
The Vicat apparatus shown in Figure 1 was employed to determine the standard consistency for both ordinary Portland cement and the binary blends pastes. Three hundred grams (300 g) of the OPC and OPA cement blends were measured and gauged with a specific quantity of water until the resistance to penetration of a plunger reaches about not less 10 mm within 30 minutes according to [3] . The ratio of the water required to the weight of the binder expressed as a percentage is taken as the standard consistency of the cement or blend.
Figure 1 -Vicat apparatus
Similarly, the Vicat apparatus was used in the determination of setting time of cement blends using [6] . This is achieved by using the percentages of water recorded from the standard consistency of the cement / blend paste which was gauged into the Vicat mould. The paste confined in the mould on a base plate was then placed under the Vicat apparatus with a needle provided for the initial setting time determination in place. The needle was then lowered gently until contact was made with the surface of the test block and quickly released and allowed to sink in. This process was repeated until the needle does not penetrate beyond 4 mm from the bottom of the mould. The period elapsed between the time when the water was added to the cement and the time at which the needle ceased to descend beyond 4 mm from the bottom of the test block was noted as the initial setting time. In the case of the final setting time, the needle used for the initial setting time was replaced by a needle with annular attachment.
The cement pastes were considered to set finally when upon applying the needle gently on the surface of the test block, only when the needle made an impression while the attachment fails to do so. The time from gauging, at which the needle ceased to pierce the test block was noted as the final setting time.
Soundness refers to the ability of hardened cement paste to retain its volume after setting and determines if the cement sample contains excessive amount of burnt free lime or magnesium. 750 mg of OPA was weighed into a conical flask and 30 ml of glycol was added and shaken properly. After which the conical flask with the mixture was placed in a water bath for 15 minutes. The solution was then filtered through a Buchner funnel connected to the section pump and rinsed with 30 ml of methylated spirit. 2 to 3 drops of Bromocresol green indicator was added into the filtrate and shook to dilution. Then titration was conducted with 0.1N HCl, till the color changes from blue to yellowish green. The adverse effect of high free lime in cement leads to expansion at high temperatures resulting in cracks in buildings.
The compressive strength test was conducted on the cement mortar which was prepared by mixing 450 g of cement with 225 ml of water and 1350 g of standard sand in a mixing machine at 20 °C with relative humidity not less than 50 %. After proper mixing the mortar, the mix was transferred into the 40 mm x 40 mm x 160 mm moulds and compacted using a standard jolting apparatus and kept in a cabinet for 24 hours. The moulds were then demoulded and placed in curing tank containing water until the strength testing for the required days. The specimen was then broken into two by bending test to obtain the flexural strength while each half was tested for compressive strength using the Toni Technik compression and bending machine. The loading sequence must not be less than 20 seconds and should not exceed 80 seconds. The experimental matrix for the determination of the physical and mechanical properties of ordinary Portland cement and Orange peel ash cement blends are tabulated in Table 1 . 
RESULT AND DISCUSSION
The chemical composition of calcined orange peel was determined using X-ray fluorescence at 600 °C, 700 °C and 800 °C for 1 and 2 hrs respectively are tabulated in Table 2 . The orange peel ashes contain mainly oxides such as silica, lime and Potassium oxide. Figure 2 depicts the samples of calcined orange peel at various temperatures and times. Table 3 shows the chemical composition of ordinary Portland cement and orange peel ash via Xray Fluorescence analysis. Chemical analysis revealed that orange peel calcined at 600 °C for 2 hours contained less than 70 % of SiO2 + Al2O3+Fe2O3 (27.70 %) while CaO content was 31% which met class C with CaO content > 10 %, hence the ash does not satisfy as a pozzolan according to [7] . The OPA had a loss on ignition of 6.54 % which indicates a high degree of unburnt carbon of ash [20] which is also responsible for increase in the water requirement due to the high porosity of the OPA particle resulting in mixture segregation [19, 29, 5] .
Effect of OPA content on the Water demand / Consistency of cement blend. Table 4 indicates the effect of OPA content on the water consistency, initial and final setting times of cement blends while Figure 1 presents the effect of cement replacement with OPA on the water requirement at standard consistence for OPA cement blends. As shown in Figure 3 , an increase in the water consistence of OPA-PC paste with increase in the OPA content. It could also be observed that as the water demand increased from 89.4 mm to 127.2 mm as the OPA content increased from 2.5 % to 10 %. The OPA-cement blends required more water demand for normal consistence in comparison with OPC control. The OPA was found to possess a higher burnt carbon content with a LOI value of 6.54 % than required from [7] standards. This high unburnt carbon can increase the water requirement for normal consistence which agrees with research works of [19, 15, 29] .
Figure 3 -Effect of OPA content on the water demand of binary cement blend
Similarly, the consistency of the OPA cement blend varied from 29.80-42.40 % as the OPA content increased from 2.5 % to 10 %. Another reason for the increase in the consistency of the OPA cement blend in comparison to control could also be due to the porous and rough morphology of the OPA.
Effect of OPA content on the Setting times of cement blend. The initial and final setting times of OPC were found to be lower than OPA cement blend at various cement replacements. As the OPA content rise from 2.5 % to 10 % by weight of the cement, its initial and final setting time increased (Figure 4) . The elongation of the setting time of OPA cement blends compared to OPC could be attributed to the diminution of clinker content as a result of a decrease in calcium silicate. This increase in the setting times could also be due to the high-water requirement owing to presence of unburnt carbon which agrees with works by [19, 15, 29] .
Figure 4 -Effect of cement replacement on the setting time of OPA cement blends
The OPA cement blend up to 10 % replacement retarded the initial and final setting time by 32 minutes and 76 minutes respectively in comparison with OPC control. The results of both setting times of the OPA cement blend presented in Table 4 were within the limit as recommended by [5] .
Effect of OPA on the Blaine fineness of OPA cement blends. The effect of OPA content on the Blaine fineness, specific gravity and free lime content of OPA cement blends are presented in Table 5 while Figure 5 shows the pictorial diagram of the Blaine fineness apparatus. The Blaine fineness of OPA blended cements were found to be lower compared to the ordinary Portland cement Blaine fineness. The Blaine fineness and the specific gravity of the OPA cement blend were found to decrease with increase in the OPA content which is attributed to the higher Blaine fineness and specific gravity of OPC compared to OPA respectively.
Figure 5 -Blaine Apparatus
Effect of OPA content on the mortar strength of cement blend. The effect of OPA content on the mortar compressive and flexural strength of cement blends are tabulated in Table 6 . A decrease in the compressive strength of cement blended with OPA were observed as the OPA content was gradually increased from 2.5-10 %. This reduction in the strengths of the OPA cement blends could be attributed to the high-water requirements of the OPA cement blend due to high unburnt carbon in the ash and dilution of Portland cement compounds which results in reduced compressive and flexural strength especially at high cement replacement of 10 % OPA at 28 days (60.1 %). The mortar strengths of the cement blends were found to be lower than those of the OPC control. This can be attributed to the clinker diminution since calcium silicates are responsible for strength [15, 10, 29, 21] . The mortar compressive and flexural strengths of the OPA cement blends and OPC control experienced an increase as the curing age progressed from 2 to 60 days. It was also observed that as the cement replacement level of the OPA was gradually increased from 2.5 to 10% at a given curing time, most of their compressive and flexural strengths diminished.
Figure 7 -Effect of OPA content on the mortar compressive strength of cement blends
These reductions could be due to diminution of the clinker content and a higher water requirement to attain consistence which results in reduced strengths in comparison with control. 90 and 95% of the mortar compressive strength of 28 days control compressive strength was achieved for 2.5 and 5% cement replacement with OPA respectively and thus the optimal OPA cement replacement should not exceed 5%. At 5% cement replacement with OPA, it could be observed that despite the reduced strength at 2 days in comparison with OPC control, the compressive strength was significantly enhanced from 28.84 to 44.41 MPa which was 80% at 28 days. This enhanced strength could be due to pozzolanic activity as a result of silica presence in the OPA along with available excess lime resulting in the formation of more CSH which was responsible for enhanced strengths [30] . Effect of OPA content on the soundness of cement blend. The soundness (expansion) of the OPA cement blends were tested using the titration method. Table 5 tabulates the effect of OPA content on the free lime content of various cement blends.
It could be seen from Figure 9 that as the cement replacement with OPA increased from 2.5% to 10% by wt., the free lime content increased. This increase is due to the high lime content (31.00%) present in the OPA.
The free lime content increase from 1.59 % to 1.87 % as the OPA content was an increase from 2.5 % cement replacement up to 10 % cement replacement of the orange peel ash (OPA), while the free lime of ordinary Portland cement (OPC) was 1.5%. The maximum allowable percentage of the free lime (free CaO) is 2.5 % and the minimum percentage is 1.0%.
The results clearly indicated that the addition up to 10% of the OPA will not cause the expansion in the cement. 
CONCLUSION
The following conclusions on the investigation of OPA as a potential cement replacement material are as follows:
The optimal condition for calcination of orange peel sample was obtained at 600 °C for 2 hours having obtaining the highest SiO2+Al2O3+Fe2O3 percentage as 27.70 % as compared to other OPA conditions.
The chemical analysis of OPA via X-ray Fluorescence comprised mainly of lime, silica and potassium oxide with SiO2+Al2O3+Fe2O3 (27.70 %) contained less than 70 % with CaO content > 10 % at 31 % which met Class C; hence the ash does not satisfy as a pozzolan according to ASTM C618-19.
The cement replacement with OPA served as a decelerator in a binary cement due to the significant potassium oxide content and the OPA high LOI of 6.54 % indicating a high degree of unburnt carbon which was responsible for the increase in the water requirement as well as prolonged setting times.
Whereas, OPA also serve as strength aider in a cement replacement as a result of the high CaO and SiO2 content. The higher the OPA content, the greater the decelerating effect.
An increase in the water demand, setting times and soundness was experienced as the OPA content was increased whereas a decrease in the mortar compressive and flexural strengths were experienced as the cement replacement with OPA content was gradually increased from 0-10 %.
The optimal cement replacement with OPA was obtained at 5 %, since the physico-mechanical properties of OPA cement blends deviate not too significantly from OPC properties. OPA cement blends all fell within the ASTM C618-19 requirements for physico-mechanical properties of cement blends. 
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